The hidden charm X(3872) resonance is usually thought to be a D * 0D0 meson-antimeson molecule with quantum numbers J P C = 1 ++ . If this is the case, there is the possibility that there might be three body bound states with two charmed mesons and a charmed antimeson. Here we argue that the theoretical existence of this type of three body molecules is expected from heavy quark spin symmetry. If applied to the two body sector, this symmetry implies that the interaction of the D * 0D * 0 meson-antimeson pair in the J P C = 2 ++ channel is the same as in the J P C = 1 ++ D * 0D0 case. From this we can infer that the J P = 3 + D * 0 D * 0D * 0 molecule will be able to display the Efimov effect if the scattering length of the 2 ++ channel is close enough to the unitary limit. Heavy quark spin symmetry also indicates that the J P = 2 + D * 0 D * 0D0 molecule is analogous to the J P = 3 + D * 0 D * 0D * 0 one. That is, it can also have a geometric spectrum. If we consider these triply heavy trimers in the isospin symmetric limit, the Efimov Finally from heavy flavour symmetry it can be argued that scattering in the BD two-body system might be resonant. This would in turn imply the possibility be Efimov physics in the BBD three body system.
I. INTRODUCTION
The three boson system in the unitary limit, i.e. when the two-body scattering length goes to infinity, shows a geometric spectrum in which the ratio of the energy of the n-th and (n+ 1)-th excited trimer is E n /E n+1 ≃ 521. This spectrum, originally theorized by Efimov in the seventies [1] , has been confirmed experimentally with cesium atoms a decade ago [2] . The relevance of the Efimov effect [3, 4] is not limited to atomic physics, but extends to nuclear physics where it might play an important role in the binding of the triton [5] [6] [7] , the three-alpha structure of Carbon-12 [8] or two-neutron halo nuclei [9, 10] . The Efimov effect also extends to other three-body systems in the unitary limit: relevant to the present investigation is the case of two identical non-interacting boson of species A and a third particle of species B that interacts resonantly with the other two, i.e. the AB scattering length diverges. This system displays a geometric spectrum too [1] . If m A and m B are the masses of particles of species A and B respectively, the larger the mass imbalance m A /m B the more conspicuous will it be the geometric spectrum. For m A = m B the scaling factor between two consecutive states is E n /E n+1 ≃ (1986.1)
2 [11] . The existence of a geometric spectrum can also happen in specific two-body systems that fulfill a series of properties [12] . A remarkable example is theD * Σ c -DΛ c system, which might be identified with the P c (4450) pentaquarklike resonance [13] in the molecular picture. * Electronic address: mpavon@buaa.edu.cn
There is the interesting question of whether there are three hadron systems (besides the three nucleon system) where the Efimov effect might play a role [14] [15] [16] [17] . This is particularly relevant in view of the recent renaissance of hadron spectroscopy triggered by the discovery of the X(3872) by Belle more than one decade ago [18] . The X(3872) is a J P C = 1 ++ narrow resonance that is located within current experimental uncertainties on top of the D 0 D 0 * threshold. This striking coincidence naturally leads to the interpretation that the X(3872) is a D 0 D 0 * bound state [19] [20] [21] . The strongest hint that the X(3872) is molecular lies in the branching ratio of the isospin breaking decays Γ(X → J/Ψ2 π) and Γ(X → J/Ψ 3π) [22] , which are easy to explain in the molecular picture [23, 24] but are more problematic if the X(3872) is a more compact object [25] .
If the X(3872) is indeed a bound state its binding energy will be extremely small and the scattering length extremely large [21] . That is, a molecular X(3872) will be close to the unitary limit. This has prompted the question of whether there will be an Efimov-like geometric spectrum if we add a third charmed meson. In this regard, Canham, Hammer and Springer [14] considered D 0 X and D * 0 X scattering from effective field theory and pointed out that the system does not fulfill the conditions to a geometric Efimov-like spectrum. The reason is the existence of several channels in which the interaction is not resonant, which dilutes the interaction strength provided by the 1 ++ D 0D * 0 channel. In the present manuscript we update the previous conclusions regarding the D 0 * X system. We notice that if we consider heavy quark spin symmetry then D * 0D * 0 scattering in the J P C = 2 ++ channel might also be resonant. If his additional channel happens to be resonant, it will provide enough attraction as to trigger the Efimov effect in the 2 + D 0 * X system and the 3 + D 0 * D 0 * D0 * three body system. Conversely if we turn off the 2 ++ D * 0D * 0 scattering channel we recover the conclusions of Ref. [14] .
In family of three heavy meson system might be a likely candidate for a geometric spectrum. The analysis of the Faddeev equations for these family of trimers indicates that the appearance of the Efimov effect is possible possible. The discrete scaling factor for the binding energies turns out to be E n+1 /E n ∼ 4000 − 5000, where the exact number depends on the particular system under consideration.
The manuscript is structured as follows: after the introduction, we briefly comment on the heavy-light spin decomposition of the three heavy meson states in Section II. After that we will present the Faddeev equations for these systems in Section III. We will analyze the conditions for the existence of the Efimov effect in Section IV. We will present the results for the From heavy quark spin symmetry (HQSS) we expect the spectrum of hadron systems containing a mixture of heavy (Q = c, b) and light (q = u, d, s) degrees of freedom to be independent of the spin of the heavy quarks [27] [28] [29] [30] [31] . Conversely, the spectrum of these systems mostly depends on the total angular momentum of the light quarks. We can state this idea in more concrete terms by considering the heavy-light decomposition of a system of N heavy hadrons H 1 , H 2 , . . . , H N with total angular momentum J
where the c(J H , J L ) are the coefficients involved in this angular momentum decomposition 1 . For this system loosely speaking the energy levels can be determined in terms of the total light quark angular momenta
The reason why we say loosely speaking is because for a non-relativistic system of N heavy hadrons what is determined from this decomposition is the potential energy rather than the binding energy, yet the idea can be illuminating. If we consider for instance the charmed mesonantimeson system, the spectrum is determined by the fact that the total light spin is either J L = 0 or J L = 1. For instance, the D * D * system with J P C = 2 ++ can be trivially decomposed as
For the DD * /D * D system we have exactly the same decomposition for the , where 0 12 and 1 12 refer to coupling of heavy hadrons 1 and 2. Yet for the current illustrative purposes this distinction will not be made. 2 Notice that here we are implicitly taking the C-parity convention C|D * = |D * . This will lead to a far simpler analysis in the three body sector.
which corresponds to the X(3872). From this we deduce that the the interaction in the J L = 1 channel is attractive and leads to the formation of a bound state. We also deduce that if the 1 ++ system binds, the same should be true for the 2 ++ system as the interaction is identical. Of course this conclusion is subjected to the limitation that HQSS is violated at the Λ QCD /m c ∼ 10 − 15 % in the charm sector plus the fact that the X(3872) is barely bound. If we take this into account we can still expect the 2 ++ interaction to be strong, but not necessarily resonant or leading to a bound state.
This idea can be trivially extended to the three charmed meson system, in which case the total light angular momentum is either
For the quantum numbers J P = 3 + the decomposition is indeed trivial
There is also a J P = 2 + system for which the decomposition is identical
and this implies that if the 3 + trimer binds, the 2 + trimer should also bind. We begin by writing the three body wave function in terms of Faddeev components for the J P = 3
III. FADDEEV EQUATIONS FOR THE
where we assume that the D 0 * D 0 * subsystem is not interacting, from which we can ignore the third component of the Faddeev decomposition. The Jacobi momenta are defined as usual 
where g(p) is a regulator function then the D * D * Tmatrix can be written as
while the Faddeev component φ admits the ansatz
with the reduced masses defined as
From the previous, we find that a(p) follows the integral equation
where the driving term B 0 12 is given by
with p 1 + p 2 + p 3 = 0 and
The integral equation can be discretized, in which case finding the bound state solution reduces to an eigenvalue problem.
B. The Equations for
The Faddeev decomposition of the three body wave function for the J P = 2 + D * D * D system involves three different particle channels
but it is essentially analogous to that of the
Notice that we do not explicitly write the spin wave functions. The choice of wave functions is constrained by the symmetry of the first particle channel, i.e. |D * 0 D * 0D0 . Particles 1 and 2 are considered to be non-interacting, while the interaction with particle 3 (the charmed anti-meson) can be written as
for the DD * system, while for the D * D * case we write
That is, for the DD * we are distinguishing between a direct scattering process, where the D and D * are not exchanged, and an exchange scattering process, where the D and D * are flipped. The three independent Faddeev components φ 1 , φ 2 , and ϕ 2 can be written as
where for φ 1 the ordering of particles is |123 = |D * 0 D * 0D0 , while for φ 2 and ϕ 2 is |123 = |D * 0 D 0D * 0 . The corresponding Faddeev equations are
These equations can be simplified if we consider a series of properties of the system. First, we can write the direct and exchange T-matrices as combinations of the T-matrices in the DD * positive and negative C-parity channels
where τ ± 1 refers to the scattering in the C = ±1 channel. Second, we will assume that the interaction in the positive C-parity X(3872) channel is strong while the interaction in the negative C-parity channel is weak and can be ignored. In this case we end up with
from which it also follows that
Third, from HQSS we also expect that
from which we obtain that
With all these relations and if we ignore the mass difference between the D 0 and D * 0 mesons, the Faddeev equations reduce to
that is, exactly the same Faddeev equation that we had for the J P = 3 + D * 0 D * 0D * 0 system. Instead of the constructive approach that we have followed before, alternatively we could have simply begun with the HQSS three body wave function with
in which case we will had obtained the same eigenvalue equation, only in a more direct manner.
* system the non-trivial Faddeev components can be written as
where we are assuming that the charmed meson-meson and the D 0D0 interactions are both trivial. The ansatz for the φ 1 and φ 2 wave functions is identical to the J = 2 + D * 0 D * 0D0 system, from which we derive the equations
We can see that the equation in the first line is homogeneous while the one in second line is inhomogeneous, i.e. a 1 (p) can be determined by itself, while a 2 (p) can be determined from a 1 (p). In other words, the binding energy of the charmed meson trimers can be determined exclusively from the homogeneous equation.
If we now take into account that we only expect the interaction to be resonant in the positive C-parity channel, we can rewrite the equations as
This will be later very useful to understand why we do not expect the J = 1 + D 0 D 0D * 0 system to have a geometric Efimov-like spectrum.
D. The Isospin Symmetric Limit
Finally we consider the previous three body molecules in the isospin symmetric limit. For the
where in addition to the particle wave function we have included the isospin wave function
which means that particles 1 and 2 couple to isospin I 12 , particle 3 has isospin I 3 and the total isospin of the system is I T . The choice I 12 = 1 together with the fact that the total spin is S = 3 (and hence S 12 = 2) implies that the spin and isospin wave functions are symmetric. In the isospin symmetric limit we expect the 1 ++ DD * and 2 ++ D * D * interactions to be resonant in the isoscalar I = 0 channel and weak in the isovector channel. If we ignore the isovector interaction, the Faddeev equation reduces to (44) where the 3/4 is an isospin factor which is derived from overlapping the three body isospin wave function with the fact that we consider the isoscalar channel for particles 2 and 3.
The same Faddeev decomposition and equations apply for the J = 2 + molecule after making the substitution
For the J = 1 + |DDD * molecule the inclusion of isospin follows the same pattern as in the J = 3
That is, we end up with the same equations as in the neutral charmed meson case
modulo the 3 4 factor from the isospin projection and the fact that we are using the isoscalar T-matrix.
IV. THE EFIMOV EFFECT IN THE HHH SYSTEM
Now we will consider the previous set of Faddeev equations in the unitary limit. In all cases the eigenvalue equation reduces to
with λ = 1, 
From this we arrive to the equation
which after the change of variable p 2 a(p) = b(p) transforms into
This
where the integral above can be evaluated analytically. From this we can rewrite the eigenvalue equation into the more familiar form
The eigenvalue equation has complex solutions of the type s = ±is 0 for
From this we can see that the J 6 . The sheer size of this number implies that the existence of the Efimov effect in these systems is more of a theoretical curiosity than something that could ever be hoped to be observed. The energy of the first excited Efimov state of a D * 0 D * 0D0 or D * 0 D * 0D * 0 system is in fact orders of magnitude smaller than the width of the D 0 * meson. It is nonetheless interesting in the sense that it provides an example of a hadronic system where this type of spectrum could be realized.
If we consider the isospin symmetric limit we have λ = 3 4 < λ c . This is interesting in the following sense: the existence of the Efimov effect in a three body system implies the requirement of a three-body force to properly renormalize the Faddeev equations [5, 6] . That is, Faddeev calculations in the isospin symmetric limit have predictive power. Here it is also curious to notice that even if isospin symmetry is broken at the level of the masses of the charmed mesons, if the interactions are isospin symmetric there will be no requirement of three-body forces at short distances.
For the J = 1 + state we have λ = 1 2 or 3 8 depending on whether we are considering the long range neutral component or the isospin symmetric limit. In both cases this is insufficient to trigger the Efimov geometric scaling. This situation is indeed equivalent to the one considered in Ref. [14] for D 0 X scattering. Here a few comments are in order: if we consider the D 0 * X system but do not take into account that 2 ++ D * 0D * 0 might be resonant too, then the numerical factor for the J = 2
system is also λ = 1 2 and we end up agreeing with the conclusions of Ref. [14] . Other interesting observation is that if in the 1 +− D 0D * 0 system was also resonant, then we will end up with λ = 1 for the J = 1 + state. Yet there is no evidence of the existence of a negative C-parity partner of the X(3872).
Here we will consider the 2 + and 3 + three body molecules in the isospin symmetric limit. In this limit we simply take the masses of the D and D As a consequence the X(3872) is bound by about 4 MeV. We describe the X(3872) potential in terms of a contact interaction of the type
with C 0 (Λ) a coupling constant that depends on a cutoff Λ and g Λ a regulator function. Following Ref. [31] we will take Λ = 0.5 − 1.0 GeV and a Gaussian regulator
If we now consider HQSS in the line of Refs. [30, 31] , the X(3872) implies a 2 ++ X(4012) state with a binding energy of
for Λ = 0.5 GeV (Λ = 1 GeV). If we take into account isospin violation for the thresholds of the 2 ++ state, D * 0D * 0 and D * + D * − , then in a first approximation the binding energy with respect to the neutral component is B 2 − 3.3 MeV. From this we can write the condition
for the neutral component to be bound and the 2 ++ state to be safe. Taking into account the uncertainty in the binding energy of the 2 ++ state, there is a sizable probability that its neutral component will be unbound.
For the discussion of the three body states, we will begin with the 3 + D * D * D * molecule. A three body calculation indicates that the binding of the 3 + state is
below the two-body binding threshold, by which we mean that the location of the D * D * D * is m(3 + ) = 3m D * − B 2 − B 3 . In this case safety with respect to the isospin breaking thresholds implies the condition
for the state with |IM I = | 
+9
−5 MeV for Λ = 0.5 and 1 GeV (adding the errors in quadrature). This is less stringent than in the two-body case and suggest
Input/5 that there is the possibility of a Borromean configuration, in which the two-body 2 ++ state is unbound but the three body 3 ++ is bound. Yet checking these conclusions will require a full calculation including isospin breaking, which is beyond the exploratory scope of the present manuscript.
The 2 + D * D * D is more complex for the following reasons: while the interaction in the 1 ++ channel is fixed, the interaction in the 2 ++ channel is derived from HQSS and subjected to a Λ QCD /m c ∼ 15% uncertainty. Besides, there is the technical complication that the masses of the three charmed mesons are not identical. This mismatch between the 1 ++ and 2 ++ channels has a curious consequence: if the interaction in the 2 ++ channel is stronger than expected, it happens that the two-body binding energy of the 2 ++ D * D * system will grow quicker than the three-body binding of the 2 + D * D * D system. The reason is that the attraction increases only in one of the channels, but not in the other. In particular it can happen that the 2 + D * D * D bound state can end up above the DX 2 threshold if the X 2 is too deep, which happens for B 2 (X 2 ) ≥ 16.6 and 12.5 MeV for Λ = 0.5 and 1 GeV, respectively. How this happens can be seen in Fig. 1 , where the binding energy of the 2 + trimer is shown as a function of the binding energy of the X 2 . In Fig. 1 we can also notice that the most tightly bound configuration for the trimer happens when the binding of the X 2 is identical to that of the X(3872). That is not the case in the 3 + D * D * D * molecule because the binding in the three body system grows a bit faster than in the two body one.
We stress the theoretical nature of the present work. The 2 ++ partner of the X(3872) has not been observed yet. This could mean that it has simply not been detected or it could mean that it does not exist. Probably the best chance for its detection is e + e − → ψ(nS) → γX 2 (with ψ a 1 −− charmonium) in the 4.4 − 4.5 GeV region [33] . Among the theoretical reasons for the X 2 not to exist the most prosaic is that HQSS is not exact: if the interaction is weaker than expected the X 2 will simply become a virtual state [31] , which might be difficult to detect. Other possibility is that part of the attraction that binds the X(3872) might come from the coupling to a nearby 
1
++ charmonium: the X 2 does not benefit from these extra attraction, resulting in an interaction too weak to bind [34] . In these two scenarios the three body bound states might still survive contingent on how much attraction is lost owing to these effects. A third option is the one pion exchange potential [35] , which could lead to a much more bound and broad X 2 4 . In this third scenario the 3 + D * D * D * molecule will be also much more bound, while the 2 + D * D * D trimer will decay into DX 2 .
Yet we consider this scenario less realistic because of the large cut-offs required for the X 2 to be tightly bound [35] , while other theoretical studies with pion exchanges and a softer cut-off find the X 2 to be much more shallow [31] and narrow [40] . Be it as it may, unless the X 2 is detected the discussion of the previous effects will remain theoretical. 
where the |B * B * B * will be in a given spin and isospin configuration that we have not indicated yet. If we consider the Z ′ b channel to be the only non-trivial scattering channel, the eigenvalue equation will be given by Eq.(48). In turn this equation depends on the numerical factor λ, which we can write as
with λ S and λ I a spin and isospin factor. The largest this factor can be is λ = 3 4 , for which there exist three configurations of the B * B * B * system. The first is the isodoublet J P = 0 + configuration, with the spin and isospin wave functions
which lead to λ S = 1 and λ I = 
for which λ S = Here we will simply assume
(the average of the previous two values) for both the Z b and Z ′ b , from which we deduce a three body binding energy of
for Λ = 0.5 GeV (Λ = 1 GeV).
The dependence of the trimer B 3 binding energy in the dimer B 2 binding energy is shown in Fig. 2 . The dependence is not linear, but can be roughly approximated by 
where α refers to the other possible B * B * scattering channels. The missing channels for each of the trimers are:
(i) For the isodoublet J P = 0 + trimer we have the
(ii) For the isoquartet J P = 1 + trimer we have the I G (J P C ) = 1 − (0 ++ ) and 1 − (2 ++ ) channels with the factors λ = 1/9 and 5/36, respectively.
(iii) For the isoquartet J P = 2 + trimer we have the
We will merely mention their existence, but will not take them into account. We do not have any experimental information on them and their treatment will require a phenomenological model of their interactions. 
The heavy-light spin decomposition of the 1 ++ DD * and the 2 ++ D * D * states is 1 H ⊗ 1 L , as previously explained. This leads to a potential of the type
where V 1 indicates the potential for S L = 1, with S L the total light spin. The particular decomposition depends on the symmetries and quantum numbers of the heavylight system under consideration. If we consider the BD, B * D, BD * systems the heavy-light decomposition implies a potential of the type [29, 30] 
where now there is V 0 , the potential for S L = 0. For the B * D * system the decomposition will depend on the J P quantum numbers
According to heavy flavour symmetry (HFS), the potentials V 0 and V 1 are identical for the cc and the cb sectors [26] . Hence we can relate the BD/B * D/. . . potentials with theDD/D * D/. . . ones. From the cc sector we know that V 1 is strong, but we do not know that much about V 0 . However in the isoscalar sector there is a conspicuous experimental absence of other hidden charm molecular DD/D * D /D * D * candidates besides the X(3872). This points out to a V 0 that is either repulsive or weaker than V 1 . From this we will make the assumption that |V 0 | ≪ |V 1 | and explore the consequences. We warn that this assumption is based on very partial information. As a matter of fact there are theoretical models in which the V 0 interaction is indeed as attractive as, if not more attractive than, the V 1 , leading to the prediction of multiplets of six hidden charm molecular states [31, 43, 44] . But here we will simply explore the consequences of V 0 = 0. Independently of V 0 , there is the trivial conclusion that the 2 + B * D * molecule should bind [26] . The rationale is that attraction in non-relativistic bound states depends on the reduce potential U = 2µV , with µ the reduced mass and V the potential. For the 2 + B * D * molecule the potential is identical to the one for the 1 ++ DD molecule, i.e. the X(3872), and the reduced mass is 1.51 times larger. Binding is expected and concrete calculations indicate a bound state at B = 12 ± 5 MeV (26 2µ
indicating that the non-relativistic description of the two systems should be similar. In particular we expect the 
where the heavy meson wave function refers to one of these possibilities
depending on the molecule considered. In either case, following the same steps as before, we end up with the equation
The difference is that there is now a mass imbalance. If we consider the unitary limit, particularizing for the 3B System 2B System J P I B2 (0.5 GeV) B3 (0.5 GeV) B2 (1.0 GeV) B3 (1.0 GeV) present case, we now obtain the equation
where J Efimov is known [11, 45 ]
and with the angle α determined as
with m 3 the mass of the charmed meson and M the mass of the bottom meson. We find that the condition for having the Efimov geometric spectrum is
which for the BBD case give us λ c ≃ 0.599 plus similar values for the other cases under consideration. It is also interesting to notice that for m 3 = M we have α = π/6 and we recover the original Efimov integral
If we go back to the B + B + D 0 three body system, we have λ = 1 and there should be discrete scale invariance in the unitary limit. If we define µ 0 = e π/s0 we find the value µ 0 = 65.6 and µ Table III for details. In the isospin symmetric limit we have λ = 3 4 , which is now strong enough as to trigger the Efimov effect, though in this case the effect will be really weak. However in the isospin symmetric limit we do not expect the BD system to be close enough to the unitary limit as to display the Efimov effect. Yet it is important because this involves the existence of a three body force at least in the Λ → ∞ limit [5, 6] . This however will happen at ridiculously high cut-offs, which means that and B * + D 0 scattering might be resonant if the interaction in the isoscalar SL = 0 channel is considerably weaker than in the SL = 1 one. In the middle part we consider the same systems in the isospin symmetric limit. In the bottom part we consider systems for which the Efimov effect could be present if the isovector J P = 1 + B * D * scattering is resonant, where this channel is thebc heavy flavour partner of the Z b and Z ′ b hidden bottom states. In the table above J P is the spin and parity of the state, I the isospin (if well-defined), M/m is the mass imbalance of the system, λc the critical coupling for the Efimov effect to appear, s0 the power-law scaling, e π/s 0 the discrete scaling factor for the momenta and e 2π/s 0 the discrete scaling factor for the three-body binding energies.
we can effectively estimate the binding energy of the 0 + BBD to be
for Λ = 0.5 GeV (Λ = 1.0 GeV 6 for the spacing of the excited Efimov states, see Table III . As in the previous case, concrete calculations require a three body force. If we ignore this requirement there is the possibility of a very shallow trimer for Λ = 0.5 GeV which disappears at larger cut-offs, see Table II .
Finally we stress that the conclusions of this section are rather theoretical. They depend on a series of assumptions to be correct and on a series of theoretical uncertainties to lean into the right direction.
VIII. CONCLUSIONS
In this work we have considered the and D 0 * D 0 * D0 * molecules, and if the D 0 * D0 * scattering length is unnaturally large, then the Efimov geometric spectrum is in principle possible. The relevance of this possibility is mostly theoretical though: the discrete scaling factor is about 1986.1 and the first Efimov state should be about four millions times less bound than the fundamental state. This makes the existence of a geometric spectrum more of a theoretical nicety than a phenomenon that we could realistically ever expect to observe, except in the lattice perhaps. The Efimov effect is absent in the isospin symmetric limit.
A + D 0 scattering might be resonant, which in turn will imply the existence of an Efimov spectrum for the aforementioned molecules. The discrete scaling factor is between 65 − 70, indicating that binding of the excited Efimov state should be 4000 − 5000 times shallower than the fundamental state. Independently of this, it is worth noticing that three body systems with large mass imbalances are more likely to bind, as illustrated with the B * B * K [17] , D * D * ρ [46] and B * B * ρ [47] systems. We stress the theoretical nature of the present work. The 2 ++ partner of the X(3872) has not been observed yet neither ruled out. Its existence has also been discussed in the literature [30, 31, 34, 35, 40, 44] . Without knowing whether this state exist or its binding, it is difficult to make definite predictions about prospective three body states. Nonetheless the possibility of a Borromean 3 + D * D * D * molecule is there, which if detected will provide relevant information about the D * D * interaction. The predictions for thebbb-andbbc-type molecules is more hypothetical. Thebbb trimers are conditional to the location of the Z b (10650), while thebbc trimers rely on the assumption that the heavy meson-antimeson potential for the S L = 0 configuration is weaker than for the S L = 1 case, where S L is the total light spin. Yet the eventual observation of a shallow B + D 0 molecule will be really exciting owing to its connection with Efimov physics.
